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57 ABSTRACT 

Methods and Systems for data compression and decompres 
Sion are disclosed. Specifically, the method for data com 
pression of the present invention receives eight inputs rep 
resenting pixel information of an image and performs a 
combination of an 8-point discrete cosine transform (DCT) 
and weighting function to obtain eight outputs representing 
digital representations of an image. The method for data 
decompression receives eight inputs representing digital 
representations of an image and performs a combination of 
an inverse weighting function and an 8-point inverse dis 
crete cosine transform (IDCT) to obtain pixel components of 
an image. The methods and Systems of the present invention 
may be used in optimizing digital Video encoders and 
decoderS. 

56 Claims, 7 Drawing Sheets 
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METHOD AND SYSTEM FOR IMPROVED 
DIGITAL VIDEO DATA PROCESSING USING 
8-POINT DISCRETE COSINE TRANSFORMS 

BACKGROUND OF THE INVENTION 

The present invention relates generally to methods and 
apparatus for data compression and decompression, and in 
particular, is directed to methods and Systems for performing 
the discrete cosine transform (DCT) and weighting pro 
ceSSes of a digital Video encoder and the inverse weighting 
and inverse discrete cosine transform (IDCT) processes of a 
digital Video decoder. 

Digital Video is the term used to describe Video signals 
represented in digital form. Digital Video offerS Several 
advantages over traditional analog Systems. For example, 
recordings of digital Video signals can be copied indefinitely 
without significant loss of quality. Also, compressed digital 
Video Signals may require leSS Storage Space than analog 
recordings for the same or better picture quality. Finally, 
digital formats allow audio, Video, and other data to be easily 
combined, edited, Stored, and transmitted. 
A direct conversion into digital format of analog video 

Signals having fast frame rates, many colors, and high 
resolution, however, results in digital Video Signals with a 
high data rate, creating difficulties for Storage and transmis 
Sion. Many digital video systems, therefore, reduce the 
amount of digital video data by employing data compression 
techniques that are optimized for particular applications. 
Digital compression devices are commonly referred to as 
encoders, devices that perform decompression are referred 
to as decoderS. Devices that perform both encoding and 
decoding are referred to as codecs. 

The “DV” format is an industry digital video format 
Specification for use primarily in consumer-level Video tape 
recorders (VTRs). The specification for DV format has been 
adopted by most of the major manufacturers of high-quality 
digital video cassette recorders (DVCRs) and digital video 
camcorders. See Specifications of Consumer-Use Digital 
VCRs, HD Digital VCR Conference, December 1994. The 
DV format is currently used in such commercially available 
products as digital camcorders. 

Video displays have traditionally consisted of a Series of 
Still pictures, or "frames', painted by Scan lines and Sequen 
tially displayed at a rate of, for example, thirty frames per 
Second to provide the illusion of continuous motion. Each 
frame consists of a pair of interlaced “fields.” A field 
contains half the number of lines of a frame. Fields are 
interleaved with lines from either a previous or Subsequent 
field to create a frame. When Storing or transmitting video 
data, the amount of data may be reduced by taking advan 
tage of redundancy within fields (intrafield) or between 
neighboring fields (interfield). DV format uses both 
intrafield and interfield data reduction. 

FIG. 1 is a basic flow diagram showing the encoding, or 
data compression, process of a prior art digital video codec. 
Codecs employing DV format use a DCT-based data com 
pression method. In the blocking Step, the image frame is 
divided into N by N blocks of pixel information including, 
for example, brightness and color data for each pixel (Step 
100). A common block size is eight pixels horizontally by 
eight pixels vertically. The pixel blocks are then “shuffled” 
So that Several blocks from different portions of the image 
are grouped together (Step 110). Shuffling enhances the 
uniformity of image quality. 

Different fields are recorded at different time incidents. If 
a video scene involves lots of motion, the two fields within 
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2 
a frame contain Significantly different image information, 
and DV encoders use an intrafield data reduction process to 
remove redundancy within a field. 

In Video images without Substantial motion, the two fields 
of a frame contain Similar image information, and DV 
encoders use an interfield data reduction process to remove 
redundancy between fields. For each block of pixel data, a 
motion detector looks for the difference between two fields 
of a frame (Step 115). The motion information is sent to the 
next processing step (Step 120). 

In step 120, pixel information is transformed using a DCT 
transform. There are at least two common DCT modes: 8-8 
DCT mode and 2-4-8 DCT mode. The 8-8 DCT mode refers 
to a DCT that takes eight inputs and returns 8 outputs in both 
vertical and horizontal directions. In the 2-4-8 DCT mode, 
an 8 by 8 block of data is divided into two 4 by 8 fields and 
a 4 by 8 transform is performed on each field. Each 4 by 8 
field consists of 4 horizontal lines with 8 pixels in each 
horizontal line. The 4 by 8 transform takes 4 inputs and 
returns 4 outputs in the Vertical direction, and takes 8 inputs 
and returns 8 outputs in the horizontal direction. The DV 
format specification recommends that the 8-8 DCT mode be 
used when the difference between two fields is small. By 
contrast, the 2-4-8 DCT mode should be used when two 
fields differ greatly. 

In the 8-8 DCT mode, 8x8 blocks of pixel information are 
transformed into 8x8 matrices of corresponding frequency 
coefficients using a 2-dimensional DCT. In the following 
equations, P(x,y) represents an input block of pixel infor 
mation with Symbols X and y representing pixel coordinates 
in the DCT block. Q'(h,w) represents the resulting output 
block of DCT coefficients. The DCT may be described 
mathematically as follows: 

7 7 h (2x + 1 2 y + 1 
C(h)C(y) X P(x, yCOs ) cost ) 

for h=0, 1, ... 7 and v=0, 1, ... 7 and where 

1 1 
- , i = 0 - , V 

2W2 and C(y) = ov 
1 
1, h = 1 to 7 
2 2 

= 0 

C(h) = 
y = 1 to 7 

The DCT coefficients are then weighted by multiplying 
each block of DCT coefficients by weighting constants (Step 
124). This process may be described mathematically as 
follows: 

The following weighting coefficients are standard for the DV 
format. 
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w (7)=CS4/CS1 
and CSm=COS (mL/16). 
The weighted DCT coefficients, Q(h,w), are stored to a buffer 
(Step 125). 

The weighted DCT coefficients are quantized in the next 
step (Step 140). Quantization increases the efficiency of 
Video data transmission, but may result in error propagation. 
To reduce the magnitude of errors, each DCT block is 
classified into one of four activity classes described in the 
DV format specification (Step 130). The four classes repre 
Sent four different quantizing Schemes. The amount of data 
in the variable length codeword using each quantizer is 
estimated (Step 135) and the quantizer that best will com 
preSS one or more Successive weighted DCT coefficients into 
a same size block as a Synchronization block is Selected. 

Quantization rounds off each DCT coefficient within a 
certain range of values to be the same number (Step 140). 
Quantizing tends to Set the higher frequency components of 
the frequency matrix to Zero, resulting in much leSS data to 
be stored. Since the human eye is most Sensitive to lower 
frequencies, however, very little perceptible image quality is 
lost by this step. 

Quantization Step 140 includes converting the two 
dimensional matrix of quantized coefficients to a one 
dimensional linear Stream of data by reading the matrix 
values in a ZigZag pattern and dividing the one-dimensional 
linear Stream of quantized coefficients into Segments, where 
each Segment consists of a String of Zero coefficients fol 
lowed by a non-Zero quantized coefficient. Variable length 
coding (VLC) is performed by transforming each Segment, 
consisting of the number of Zero coefficients and the ampli 
tude of the non-Zero coefficient in the Segment, into a 
variable length codeword (Step 145). Finally, a framing 
proceSS packs every 30 blocks of variable-length coded 
quantized coefficients into five fixed-length Synchronization 
blocks (Step 150). 

FIG.2 shows a basic flow diagram of a prior art DV codec 
decoding process. Decoding is essentially the reverse of the 
encoding process described above. The digital Stream is first 
deframed (Step 200). Variable length decoding (VLD) then 
unpacks the data So that it may be restored into individual 
coefficients (Step 210). 

After inverse quantizing the coefficients (Step 220), 
inverse weighting (Step 230) and an inverse discrete cosine 
transform (IDCT) (Step 235) are applied to the result. The 
inverse weights W(h,w) are the multiplicative inverses of the 
weights W(h,w) that were applied in the encoding process. 
The inverse weighting proceSS may be described mathemati 
cally as follows, where Q(h,w) represents the input coeffi 
cients. 

The following inverse weighting coefficients are Standard 
for the DV format. 

others 
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w (7)=CS4/CS1 
where CSm=COS (mL/16). 
The output, Q'(h,w), of the inverse weighting function is 

then processed by the IDCT. The IDCT process is described 
mathematically as follows: 

7 

X. (CoCho?h, yCOs 16 

For x=0, 1 . . . 7, and y=0, 1, ... 7, 

where 

1 
- i = 0 

ch)-2V. and 
1 
1, h = 1 to 7 
2 

1 
- , V = 0 

C(y) = ov 
a y = 1 to 7 
2 

The result is then deshuffled (Step 240) and deblocked (Step 
250) to form the full image frame. 

There has been much emphasis on producing efficient 
implementations of DCT-based data compression and 
decompression techniques. U.S. Pat. No. 4,385,363 to 
Widergren et al., for example, discloses a DCT processor for 
transforming 16 by 16 pixel blocks. The five-stage process 
described in the 363 patent is optimized for a hardware 
implementation using 16 inputs and is not readily adaptable 
for 8 inputs, nor is it efficient when implemented using 
Software. 

U.S. Pat. No. 5,574,661 to Cismas describes an apparatus 
and method for calculating an inverse discrete cosine trans 
form. The 661 patent discloses primarily a hardware imple 
mentation in which the process of performing the IDCT on 
8 inputs requires only one multiplier. Neither the 363 patent 
nor the 661 patent discuss combining the weighting and 
transform processes. Furthermore, neither of these patents 
are easily extensible to applications intended for the DV 
format. 
Some researchers have Suggested that combining the 

weighting and DCT processes together reduces the number 
of multiplications, thereby increasing the Speed of most 
Software and hardware implementations of encoders and 
decoderS. See, e.g., C. Yamamitsu et al., “An Experimental 
Study for Home-Use Digital VTR,” IEEE Transactions on 
Consumer Electronics, Vol. 35, No. 3, August 1989, pp. 
450-456. Yamamitsu et al. discusses combining a Sample 
weighting function with DCT and IDCT processes to pro 
duce a “modified DCT and “modified IDCT,” each of 
which requires fewer multiplications than its two component 
functions when performed consecutively. The modified 
DCT and IDCT disclosed in the Yamamitsu et al. paper, 
however, do not use the standard weights for the DV format. 
The traditional way to implement 8-point DCT and 

weighting or inverse weighting and 8-point IDCT is to use 
two steps with a total of 18 multiplications. The weighting 
and inverse weighting processes each require 7 multiplica 
tions and is followed by an 8-point DCT or 8-point IDCT 
each requiring 11 multiplications. See, e.g., C. Loeffler et al., 
“Practical Fast I-D DCT Algorithms with 11 
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Multiplications.” Proceedings of the IEEE International 
Conference on Acoustics, Speech, and Signal Processing, 
ICASSP-89, pp. 988–991, 1989. 

The present invention reduces DCT-based compression 
time and decompression time by providing methods and 
apparatus for a combined weighting/DCT function of a DV 
encoder that minimize the number of multiplications. 
Finally, the present invention provides methods and appa 
ratus for a combined IDCT/inverse weighting function of a 
DV decoder that minimize the number of multiplications. 

SUMMARY OF THE INVENTION 

Methods for data compression consistent with this inven 
tion consist of receiving a plurality of input components 
representing pixel information of an image and processing 
the input components using a combination of DCT and 
weighting to produce output components representing digi 
tal representations of an image. Other methods for data 
decompression consistent with the present invention consist 
of receiving input components representing digital repre 
Sentations of an image, and processing the input components 
using a method that combines the Steps of inverse weighting 
and IDCT to produce output components representing pixel 
information of an image. 
More specifically, a method for data compression per 

formed by a processor comprising the Steps of receiving a 
plurality of input components representing pixel information 
of an image; determining a first group of intermediate values 
by combining Subsets of the input components, determining 
a Second group of intermediate values by combining a first 
Subset of the input components and the intermediate values, 
determining a third group of intermediate values by com 
bining a second Subset of the input components and the 
intermediate values with predetermined constants, determin 
ing a fourth group of intermediate values by combining a 
third Subset of the input components and the intermediate 
values, determining a fifth group of intermediate values by 
combining a fourth Subset of the input components and the 
intermediate values with predetermined constants, determin 
ing a sixth group of intermediate values by combining a fifth 
Subset of the input components and the intermediate values, 
determining a Seventh group of intermediate values by 
combining a sixth Subset of the input components and the 
intermediate values with predetermined constants, determin 
ing a eighth group of intermediate values by combining a 
Seventh Subset of the input components and the intermediate 
values, determining output components by combining an 
eighth Subset of the input components and the intermediate 
values with predetermined constants, and outputting the 
output components representing digital representations of an 
image. 
A data compression System comprises an input device for 

receiving a plurality of input components representing pixel 
information of an image; a first processor for determining a 
first group of intermediate values by combining Subsets of 
the input components, a Second processor for determining a 
Second group of intermediate values by combining a first 
Subset of the input components and the intermediate values, 
a third processor for determining a third group of interme 
diate values by combining a Second Subset of the input 
components and the intermediate values with predetermined 
constants, a fourth processor for determining a fourth group 
of intermediate values by combining a third subset of the 
input components and the intermediate values, a fifth pro 
ceSSor for determining a fifth group of intermediate values 
by combining a fourth Subset of the input components and 
the intermediate values with predetermined constants, a 
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6 
Sixth processor for determining a sixth group of intermediate 
values by combining a fifth Subset of the input components 
and the intermediate values, a Seventh processor for deter 
mining a Seventh group of intermediate values by combining 
a sixth Subset of the input components and the intermediate 
values with predetermined constants, an eighth processor for 
determining a eighth group of intermediate values by com 
bining an Seventh Subset of the input components and the 
intermediate values, a ninth processor for determining out 
put components by combining an eighth Subset of the input 
components and the intermediate values with predetermined 
constants, and an output device for outputting the output 
components representing digital representations of an 
image. 

According to another aspect of the invention, a method for 
data decompression performed by a processor comprising 
the Steps of receiving a plurality of input components 
representing digital representations of an image, determin 
ing a first group of intermediate values by combining 
Selected input components with predetermined constants, 
determining a Second group of intermediate values by com 
bining a first Subset of the input components and the first 
intermediate values, determining a third group of interme 
diate values by combining a Second Subset of the input 
components and the intermediate values with predetermined 
constants, determining a fourth group of intermediate values 
by combining a third Subset of the input components and the 
intermediate values, determining a fifth group of interme 
diate values by combining a fourth Subset of the input 
components and the intermediate values, determining a sixth 
group of intermediate values by combining a fifth Subset of 
the input components and the intermediate values with 
predetermined constants, determining a seventh group of 
intermediate values by combining a sixth Subset of the input 
components and the intermediate values, determining output 
components by combining a Seventh Subset of the input 
components and the intermediate values, and outputting 
output components representing pixel information of an 
image. 

Furthermore, a System for data compression consistent 
with the present invention comprises an input device for 
receiving a plurality of input components representing digi 
tal representations of an image, a first processor for deter 
mining a first group of intermediate values by combining 
Selected input components with predetermined constants, a 
Second processor for determining a Second group of inter 
mediate values by combining a first Subset of the input 
components and the first intermediate values, a third pro 
ceSSor for determining a third group of intermediate values 
by combining a Second Subset of the input components and 
the intermediate values with predetermined constants, a 
fourth processor for determining a fourth group of interme 
diate values by combining a third Subset of the input 
components and the intermediate values, a fifth processor 
for determining a fifth group of intermediate values by 
combining a fourth Subset of the input components and the 
intermediate values, a Sixth processor for determining a 
Sixth group of intermediate values by combining a fifth 
Subset of the input components and the intermediate values 
with predetermined constants, a Seventh processor for deter 
mining a Seventh group of intermediate values by combining 
a sixth Subset of the input components and the intermediate 
values, an eighth processor for determining output compo 
nents by combining a Seventh Subset of the input compo 
nents and the intermediate values, and an output device for 
outputting the output components representing pixel infor 
mation of an image. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are incorporated in 
and constitute a part of this Specification, illustrate the 
invention and, together with the description, Serve to explain 
the principles of the invention. 

FIG. 1 is a basic flow diagram of a prior art digital video 
encoder; 

FIG. 2 is a basic flow diagram of a prior art digital Video 
decoder; 

FIG. 3 is a flow diagram illustrating in detail a one 
dimensional combined discrete cosine transformation/ 
weighting (DCT/W) process consistent with the present 
invention; 

FIG. 4 is a flow diagram illustrating in detail a one 
dimensional combined inverse weighting/inverse discrete 
cosine transformation (IW/IDCT) process consistent with 
the present invention; and 

FIG. 5 shows a System for carrying out a method consis 
tent with the present invention. 

FIG. 6 shows a nine processor data compression System 
consistent with the present invention. 

FIG. 7 shows an eight processor data decompression 
System consistent with the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Reference will now be made in detail to preferred imple 
mentations consistent with the present invention, an 
example of which is illustrated in the accompanying draw 
ings. 
A. Compression 

Mathematically, the DCT process may be combined with 
the weighting process. The standard DCT equation for DV 
format is as follows. For h=0, 1, ... 7 and v=0, 1, ... 7: 

y=0 x=0 

where 

1 1 
- , h = 0 - , V = 0 

C(h) = ov and C(y) = ov 
- h = 1 to 7 5 y = 1 to 7 

7 

O'(h, v) = i. cowo). COS 
y=0 

In the DCT equation above, P(x,y) represents pixel infor 
mation and is the input to the DCT, Q(h,w) represents the 
outputted DCT coefficients that, in a two-step DCT/ 
weighting process, become the input to the weighting func 
tion. 

The standard weighting function for DV format is defined 
S. 
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8 
where Q'(h,w) is the input to the weighting function and 
Q(h,w) is the outputted weighted coefficients. The weighting 
constants are as follows: 

others 

where w (0)=1 
w (1)=CS4/(4xCS7xCS2) 
w (2)=CS4/(2xCS6) 
w (3)=1/(2xCS5) 
w (4)=7/8 
w (5)=CS4/CS3 
w (6)=CS4/CS2 
w (7)=CS4/CS1 

and CSm=COS(mL/16). 
If Q"(h,w) is then defined as follows, 

others 

where Q(h,w) represents the final desired weighted DCT 
coefficients and Q"(h,w) is an intermediate representation, it 
is mathematically equivalent to say that: 

Melch coylynx ycos(it cos(tr. ) 

If C'(h) and C(V) are defined as follows 

1, h = 0 

ch)=2v3 ca)={ h = 1 to 7 and fi = 1 to 

1, y = 0 

co)-2v3 co- y = 1 to 7 

and substituted for C(h) and C(V), Q"(h,w) can be further 
represented as follows: 

ity(2y+ 1) 7th.(2x + 1) 
16 16 

horizontal 8-point 1-D DCT weighting 

vertical 8-point 1-D DCT weighting 

The result is a formula for the combination of the two 
dimensional DCT and the weighting function using Standard 
DV format weights. As indicated above, the two 
dimensional DOT can be performed as two one-dimensional 
processes. In the equation above, an 8-point 1-D DCT/ 
weighting proceSS is performed first on the horizontal coor 
dinates. The result is used as input to the Second 1-D 
DCT/weighting proceSS on the vertical coordinates. 
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Alternatively, Q"(h,w) may be factored as follows: 

(ii ) = 1 C(i. 7 COS 7th.(2x + 1) 
O'(h, v) = 16 ( wo) 16 

x=0 

10 

ity(2y+ 1) 
16 

vertical 8-point 1-D DCT weighting 

horizontal 8-point 1-D DCT weighting 

This Second equation indicates that it is also mathemati 
cally equivalent to perform the 1-D DCT/weighting proceSS 
first on the vertical coordinates and use the result as input to 
the Second 1-D transform on the horizontal coordinates. 

FIG. 3 is a diagram also known as a “butterfly diagram”. 
FIG. 3 shows the one-dimensional combined DCT/ 
weighting process of the present invention as a nine-stage 
pipeline converting eight inputs I-I-7 to eight outputs 
Oo-O7. In the diagram, input data flows from left to right. A 
diagonal line connecting two inputs indicates that the inputs 
are added together. An arrowhead indicates that the additive 
inverse of the result at the point of the arrow head is 
computed before the next calculation. A constant placed 
above a line Segment indicates that the result at the left end 
of the line Segment is multiplied by the indicated constant. 
The notation CSi represents the calculation CSi=COS(it/ 
16). For example, 2CS2CS4= 2COS(2L/16)COS(431/16), 
which equals 2 COS(L/8) COS(L/4) when mathematically 
reduced. 

Pixel value components referred to above as P(x,y) are 
processed twice by a processor executing the combined 
DCT/weighting process, once using the horizontal 
X-coordinates as input and once using the vertical 
y-coordinates as input. AS mentioned earlier, the order in 
which the two transforms are performed is immaterial. The 
present invention will be described by performing the trans 
form first on the horizontal X-coordinates. 

The transformation proceSS begins with eight inputs rep 
resenting the horizontal pixel components of P(x,y). In Stage 
one, the eight inputS INo-IN, are combined pairwise, as 
shown in FIG. 3, to obtain first intermediate values a az. 
Combinations are performed using addition and Subtraction 
(or addition by the additive inverse). In stage two, Subsets of 
the first intermediate values are combined to obtain Second 
intermediate values b-bs. In stage three, intermediate val 
ues a and as are multiplied by a constant to obtain third 
intermediate values, c, and c. In Stage four, a Subset of the 
intermediate values, b-bs, c, and c, are pairwise combined 
to obtain fourth intermediate values, d-d. In Stage five, 
intermediate values b and d are multiplied by constants or 
shifted to obtain fifth intermediate values, e, and e. Stage 
Six consists of multiple pairwise combinations of previously 
obtained intermediate values to obtain sixth intermediate 
values ffs. Intermediate values are multiplied by constants 
or shifted in Stage Seven to obtain the Seventh Set of 
intermediate Values, g-gs. In Stage eight, another pairwise 
combination is performed resulting in intermediate values, 
ho-h. Finally, in Stage nine, Selected intermediate values are 
multiplied by constants or shifted to obtain eight output 
values, OUT-OUT7. The output values are then used as 
input to a second 1-D DCT/weighting transform identical to 
FIG. 3. 

Following the Second transform, the input matrix of pixel 
information is a matrix of coefficients, each coefficient 
representing a weighting of that portion of the total image. 
The implementation shown in FIG. 3 only requires eight 
multiplications and one shift operation. The calculations in 
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the butterfly diagram of FIG. 3 can be scaled without 
changing the present invention. In particular, a Scaling factor 
can be applied to any Stage provided that it is consistently 
applied So as to preserve the mathematical relationship 
between the output data. 
B. Decompression 
The IDCT may be combined with an inverse weighting 

process that is basically an inverse of the compression 
process. First, the coefficient information is Subjected to an 
inverse weighting process. If Q(h,w) represents weighted 
coefficient information, then the inverse weighting process 
may be described mathematically as follows: 

where Q(h,w) represents the input to the inverse weighting 
function and Q'(h,w) is the output of the inverse weighting 
function. 
The weights used in the inverse process of the DV format 

are the same as those used in the compression process 
described earlier, namely: 

4 h = 0, y = 0 
others 

where w (0)=1 
w (1)=CS4/(4xCS7xCS2) 
w (2)=CS4/(2xCS6) 
w (3)=1(2xCS5) 
w (4)=7/8 
w (5)=CS4/CS3 
w (6)=CS4/CS2 
w (7)=CS4/CS1 

and CSm=COS(mL/16). 
Additionally, the mathematical representation for the 

standard IDCT equation for DV format is as follows: 
For x=0, 1, ... 7, and y=0, 1, ... 7, 

7 

X. (CoCho (h, yCOs 
= 

ity(2y+ 1) 7th.(2x + 1) 
16 COs 16 

where Q'(h,w) is the output of the inverse weighting function 
used as input to the IDCT. In the equation above, the output 
P(x,y) consists of pixel information representing the 
decoded image. Also, in the equation above, 

y = 0 

and C(y) = 
y = 1 to 7 

1 

2 V2 
1 
2. 
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-continued 

i = 0 

To combine the inverse weighting function and the IDCT, 
first Substitute W(h,w)Q(h,w) for Q'(h,w) in the IDCT equa 
tion. The result is a formula describing a combined inverse 1O 
weighting/IDCT process. 

P(x, y) = 

7 7 ity(2y+ 1) 7th.(2x + 1) 15 
C(v)C(h) W(h, v)O(h, v)COS COSS - 2. 2. ( 16 ( 16 

Next, define 
2O 

(ii ) = 2 O(h, v) h = 0, y = 0 
O'(h, v) = { O(h, v) others 

where Q(h,w) is the input to the combined IW/IDCT process 
and Q"(h,w) is an intermediate representation. After Substi- 25 
tuting for Q(h,w), the result is: 

P(x, y) = 

XX (coch Oh, y) Cos(71)6 cos("El6 

Next, define C(h)=2V2C(h), for h=0 to 7, that is, 35 

1, h = 0 
C(i) = (h) { V2, h = 1 to 7 

After Substituting again, the equation for the combined 40 
IDCT/IW process of the present invention is as follows, 
where Q"(h,w) is the intermediate representation and P(x,y) 
is the desired pixel information. 

16 16 

ity(2y+ 1) 
S 16 

7th (2 x + 1) 
16 

7 C(h) COS X(f 

12 
Alternatively, Q"(h,w) may be factored as follows: 

P(x, y) = 

w C(h) h(2x + 1) ( C (v) (2y+ 1) if A 7tv(Zy y 

AX in COS-1 X(; COS- -O"(h, ) 
=0 

vertical 8-point 1-D DCT inverse weighting 

horizontal 8-point 1-D IDCTinverse weighting 

The equation above indicates that it is also mathemati 
cally equivalent to perform the 1-D inverse weighting/IDCT 
process on the vertical coordinates and use the result as input 
to the Second 1-D transform on the horizontal coordinates. 

FIG. 4 illustrates a one-dimensional combined inverse 
weighting/IDCT proceSS consistent with the present inven 
tion. The combined inverse weighting/IDCT process may be 
implemented as an eight-stage pipeline as depicted by the 
butterfly diagram of FIG. 4. 

In the inverse process, the weighted coefficients referred 
to above as Q"(h,w) are processed twice by the combined 
inverse weighting/IDCT processor, once using the horizon 
tal h-coordinates as input and once using the vertical 
V-coordinates as input. The order in which the two trans 
forms are performed is immaterial. For Sake of this 
explanation, the present invention will be described by 
performing the transform first on the horizontal 
h-coordinates. 
The transformation process begins with eight inputs I-I, 

representing the horizontal components of Q"(h,w). In Stage 
one, the eight inputs are either multiplied by constants or 
shifted to obtain first intermediate values, al-a. In Stage 
two, combinations are performed using addition and Sub 
traction (or addition by the additive inverse) to obtain 
intermediate values, b-bz. In Stage three, Selected interme 
diate values b, b. and b are multiplied by constants or 
shifted to obtain a third Set of intermediate values, c-ca. In 
Stage four, intermediate values are pairwise combined to 
obtain fourth intermediate values, d-d. Stage five consists 
of multiple pairwise combinations of previously obtained 
intermediate values resulting in fifth intermediate values, 
e-ez. In Stage Six, intermediate Values e4 and es are mul o 

ity(2y+ 1) cos(? + 1) 

horizontal 8-point 1-D DCTinverse weighting 

vertical 8-point 1-D DCTinverse weighting 

The result is a formula for the combination of the inverse 
weighting function and the two-dimensional IDCT. As indi 
cated above, the two-dimensional IW/IDCT can be sepa 
rated into two 1-D transforms. In the equation above, an 
8-point 1-D inverse weighting/IDCT process is performed 
first on the horizontal coordinates. The result is then used as 
input to the Second 1-D inverse weighting/IDCT process on 
the Vertical coordinates. 

60 

65 

tiplied by constants to obtain sixth intermediate values f 
and f. Stage Seven involves two pairwise combinations to 
obtain seventh intermediate values g and g. Finally, in 
Stage eight another Set of pairwise combinations of previ 
ously obtained intermediate values is performed to obtain 
eight output values OUT-OUT. The output values are then 
used as input to a Second 1-D inverse weighting/IDCT 
transform. 
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Following the Second transform, the result is a matrix of 
pixel information The combined inverse weighting/IDCT 
function as implemented in FIG. 4 requires only eight 
multiplications and one shift operation. The calculations in 
the butterfly diagram of FIG. 4 can be scaled without 
changing the present invention. In particular, a Scaling factor 
can be applied to any Stage provided that it is consistently 
applied So as to preserve the mathematical relationship 
between the output data. 

FIG. 5 illustrates a system consistent with the present 
invention. As shown in FIG. 5, a processor 510 is connected 
to at least one input/output (I/O) device 520 via any suitable 
data connection. I/O device 520 can be any device capable 
of passing information to or receiving data from processor 
510. By way of example only, I/O device 520 may be a 
digital camcoder connected through IEEE 1394 interface. 
Processor 510 may be any commonly available processor 
Such as, for example, a Pentium. Faster processors, however, 
will decrease execution time of the invention. 

The System of the present invention also includes memory 
530 and graphics card 540. Memory 530 stores the data 
being processed by processor 510 and the data being Sent to 
or received from I/O device 520. Graphics card 540 converts 
the display image into a Signal that can be received by 
display monitor 550. Processor 510, I/O device 520, 
memory 530, graphics card 540 and monitor 550 are con 
nected via a standard system bus 560. FIG. 5 shows an 
exemplary network where each hardware component may be 
implemented by conventional, commercially available com 
puter Systems components. 

Moreover, a data compression System consistent with the 
present invention may be implemented as nine high-Speed 
custom hardware processors 610, 620, ... 690 as shown in 
FIG. 6. Each processor 610-650 performs operations cor 
responding to one of the stages in FIG. 3. Processors 610, 
620 and 640 contain at least one arithmetic logic unit (ALU). 
ALUs 615,625, and 645 are processors capable of perform 
ing arithmetic and logical operations. Processors 630 and 
650 each contain at least one multiplier 632 and 652 and at 
least one shift register 634 and 654. Each processor 610-690 
performs operations corresponding to one of the Stages in 
FIG. 3. The system of FIG. 6 also comprises an input device 
600 and an output device 695. 

Furthermore, as shown in FIG. 7, a data decompression 
System consistent with the present invention may be imple 
mented using an input device 700, output device, 795, and 
eight high-speed custom hardware processors 710, 720, . . . 
790. Processors 720, 740 and 750 contain at least one 
arithmetic logic unit (ALU). ALUs 725, 745, and 755 are 
processors capable of performing arithmetic and logical 
operations. Processors 710 and 730 each contain at least one 
multiplier 712 and 732 and at least one shift register 714 and 
734. Each processor 710–790 performs operations corre 
sponding to one of the Stages in FIG. 4. 

Methods and apparatus consistent with the present inven 
tion may be implemented in Software, hardware, or a com 
bination of hardware and software. Software implementa 
tions of the invention are preferably embodied in a 
computer-readable media, Such as a magnetic disk, or trans 
ferred over computer-readable media, Such as the Internet. 

It will be apparent to those skilled in the art that various 
modifications and variations can be made in the methods and 
Systems consistent with the present invention without 
departing from the Spirit or Scope of the invention. For 
example, if all of the constants in the invention described 
above were multiplied by the same constant, the result 
would be a Scaled version of the present invention and would 
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14 
be functionally equivalent. The true Scope of the claims is 
defined by the following claims. 
We claim: 
1. A method for performing data compression in a digital 

Video encoder, wherein the discrete cosine transform and 
weighting functions are combined, the method comprising 
the Steps performed by a processor of: 

receiving a plurality of input components representing 
pixel information of an image; 

determining a first group of intermediate values by com 
bining Subsets of the input components, 

determining a Second group of intermediate values by 
combining a first Subset of the inputer components and 
the first group of intermediate values, 

determining a third group of intermediate values by 
combining a Second Subset of the input components and 
the first and Second group of intermediate values with 
a first Set of predetermined constants, each predeter 
mined constant being a function of discrete cosine 
coefficients and digital video weighting constants, 

determining a fourth group of intermediate values by 
combining a third Subset of the input components and 
the first, Second, and third groups of intermediate 
values, 

determining a fifth group of intermediate values by com 
bining a fourth Subset of the input components and the 
first, Second, third, and fourth groups of intermediate 
values with a Second Set predetermined constants, each 
predetermined constant being a function of discrete 
cosine coefficients and digital Video weighting con 
Stants, 

determining a sixth group of intermediate values by 
combining a fifth Subset of the input components and 
the first, second, third, fourth, and fifth groups of 
intermediate values, 

determining a Seventh group of intermediate values by 
combining a sixth Subset of the input components and 
the first, Second, third, fourth, fifth, and Sixth groups of 
intermediate values with a third set of predetermined 
constants, each predetermined constant being a func 
tion of discrete cosine coefficients and digital Video 
weighting constants, 

determining an eighth group of intermediate values by 
combining a Seventh Subset of the input components 
and the first, Second, third, fourth, fifth, Sixth, and 
Seventh groups of intermediate values, 

determining output components by combining an eighth 
Subset of the input components and the first, Second, 
third, fourth, fifth, Sixth, Seventh, and eighth groups of 
intermediate values with a fourth set of predetermined 
constants, each predetermined constant being a func 
tion of discrete cosine coefficients and digital Video 
Weighting constants, and, 

Supplying the output components to an output terminal as 
weighted, compressed digital representations of an 
image. 

2. The method of claim 1, wherein the step of determining 
a first group of intermediate values comprises the Step of 
combining using an arithmetic function. 

3. The method of claim 1, wherein the step of determining 
a Second group of intermediate values comprises the Step of 
combining using an arithmetic function. 

4. The method of claim 1, wherein the step of determining 
a third group of intermediate values comprises the Steps of: 

multiplying a first Subset of the input components and the 
first and Second groups of intermediate values with the 
first Set of predetermined constants, and, 
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shifting a Second Subset of the input components and the 
first and Second groups of intermediate values. 

5. The method of claim 4, wherein the first set of 
predetermined constants comprises at least one of 1, 2CoS 
(L/4), and their multiples. 

6. The method of claim 1, wherein the step of determining 
a fourth group of intermediate values comprises the Step of 
combining using an arithmetic function. 

7. The method of claim 1, wherein the step of determining 
a fifth group of intermediate values comprises the Steps of: 

multiplying a first Subset of the input components and the 
first, Second, third, and fourth groups of intermediate 
values with the Second set of predetermined constants, 
and, 

shifting a Second Subset of the input components and the 
first, Second, third, and fourth groups of intermediate 
values. 

8. The method of claim 7, wherein the second set of 
predetermined constants comprises at least one of 1, 2CoS 
(L/4), and their multiples. 

9. The method of claim 1, wherein the step of determining 
a sixth group of intermediate values comprises the Step of 
combining using an arithmetic function. 

10. The method of claim 1, wherein the step of determin 
ing a Seventh group of intermediate values comprises the 
Steps of: 

multiplying a first Subset of the input components and the 
first, Second, third, fourth, fifth, and Sixth groups of 
intermediate values with the third set of predetermined 
constants, and, 

shifting a Second Subset of the input components and the 
first, Second, third, fourth, fifth, and Sixth groups of 
intermediate values. 

11. The method of claim 10, wherein the third set of 
predetermined constants comprises at least one of 1, 2CoS 
(L/8), and 2Cos(371/8), and their multiples. 

12. The method of claim 1, wherein the step of determin 
ing an eighth group of intermediate values comprises the 
Step of combining using an arithmetic function. 

13. The method of claim 1, wherein the step of determin 
ing output components comprises the Steps of: 

multiplying a first Subset of the input components and the 
first, Second, third, fourth, fifth, Sixth, Seventh, and 
eighth groups of intermediate values with the fourth Set 
of predetermined constants, and, 

shifting a Second Subset of the input components and the 
first, Second, third, fourth, fifth, Sixth, Seventh, and 
eighth groups of intermediate values. 

14. The method of claim 13, wherein the fourth set of 
predetermined constants comprises at least one of 1, 7/8, 
1/4Cos(T/8), 1/2Cos(L/4), and their multiplicative inverses. 

15. A method for performing data compression in a digital 
Video encoder, wherein the discrete cosine transform and 
weighting functions are combined, the method comprising 
the Steps performed by a processor of: 

receiving eight input Values, Io-I7, representing pixel 
information of an image; 

determining a first intermediate value 
determining a first intermediate value 
determining a first intermediate value 
determining a first intermediate value 
determining a first intermediate value 
determining a first intermediate value 
determining a first intermediate value 
determining a first intermediate value 

ao equal to Io-I-7; 
a equal to I+I, 
a2 equal to I2+Is, 
as equal to I-I, 
a equal to Io-I7; 
as equal to I-I, 
as equal to I-Is, 
a, equal to I-I, 

15 

25 

35 

40 

45 

50 

55 

60 

65 

16 
determining a Second intermediate value tO 

aloa, 
equal 

determining a Second intermediate value tO equal 

determining a Second intermediate value tO 
aloa, 

equal 

determining a Second intermediate value tO 
a 1-a-2, 

equal 

determining a Second intermediate value tO 
as as 

equal 

determining a Second intermediate tO 
ada-7, 

value bs equal 

multiplying a by the constant 2CoS(L/4) to obtain a third 
intermediate value co: 

multiplying as by the constant 2CoS(L/4) to obtain a third 
intermediate value c. 

determining a fourth intermediate value do equal to b-b; 
determining a fourth intermediate value dequal to co-b; 
determining a fourth intermediate value dequal to c+bs; 
determining a fourth intermediate value dequal to co-b; 
determining a fourth intermediate value dequal to c-bs, 
multiplying b by the constant 2Cos(L/4) to obtain a fifth 

intermediate value eo; 
determining a sixth intermediate value f equal to bob; 
determining a sixth intermediate value f equal to bo-b; 
determining a sixth intermediate value f equal to eo-i-do, 
determining a sixth intermediate value f equal to eo-do, 
determining a sixth intermediate value f equal to d+d, 
determining a sixth intermediate value f equal to d-d; 
multiplying d by the constant 2CoS(L/8) to obtain a 

Seventh intermediate value go; 
multiplying da by the constant 2Cos(371/8) to obtain a 

Seventh intermediate value g; 
determining a eighth intermediate value ho equal to go-f; 
determining a eighth intermediate value h equal to go-f; 
determining a eighth intermediate value he equal to g+fs, 
determining a eighth intermediate value his equal to g-fs, 
multiplying f by the constant 7/8 to obtain an output O; 
shifting f to obtain an output O; 
multiplying ho by the constant 1/4CoS(L/8) to obtain an 

output O; 
multiplying ha by the constant 1/2CoS(L/4) to obtain an 

output O; and, 
Supplying outputs O-O, fo, f, h, and ha, to an output 

terminal as weighted, compressed digital representa 
tions of an image. 

16. A data compression System for performing data com 
pression in a digital Video encoder, wherein the discrete 
cosine transform and weighting functions are combined, the 
System comprising: 

an input device for receiving a plurality of input compo 
nents representing pixel information of an image; 

a first processor for determining a first group of interme 
diate values by combining Subsets of the input com 
ponents, 

a Second processor for determining a Second group of 
intermediate values by combining a first Subset of the 
input components and the first group of intermediate 
values, 

a third processor for determining a third group of inter 
mediate values by combining a Second Subset of the 
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input components and the first and Second groups of 
intermediate values with a first Set of predetermined 
constants, each predetermined constant being a func 
tion of discrete cosine coefficients and digital Video 
weighting constants, 

a fourth processor for determining a fourth group of 
intermediate values by combining a third subset of the 
input components and the first, Second, and third 
groups of intermediate values, 

a fifth processor for determining a fifth group of interme 
diate values by combining a fourth Subset of the input 
components and the first, Second, third, and fourth 
groups of intermediate values with a Second set of 
predetermined constants, each predetermined constant 
being a function of discrete cosine coefficients and 
digital Video weighting constants, 

a sixth processor for determining a sixth group of inter 
mediate values by combining a fifth subset of the input 
components and the first, Second, third, fourth, and fifth 
groups of intermediate values, 

a Seventh processor for determining a Seventh group of 
intermediate values by combining a Sixth Subset of the 
input components and the first, Second, third, fourth, 
fifth, and Sixth groups of intermediate values with a 
third Set of predetermined constants, each predeter 
mined constant being a function of discrete cosine 
coefficients and digital Video weighting constants, 

an eighth processor for determining an eighth group of 
intermediate values by combining an Seventh Subset of 
the input components and the first, Second, third, 
fourth, fifth, Sixth, and Seventh groups of intermediate 
Values, 

a ninth processor for determining output components by 
combining an eighth Subset of the input components 
and the first, Second, third, fourth, fifth, Sixth, Seventh 
and eighth groups of intermediate values with a fourth 
Set of predetermined constants, each predetermined 
constant being a function of discrete cosine coefficients 
and digital Video weighting constants, and, 

an output device for Supplying the output components to 
an output terminal as weighted, compressed digital 
representations of an image. 

17. The system of claim 16, wherein the first processor 
comprises at least one component performing arithmetic/ 
logical functions. 

18. The system of claim 16, wherein the second processor 
comprises at least one component performing arithmetic/ 
logical functions. 

19. The system of claim 16, wherein the third processor 
comprises: 

a multiplier for multiplying a first Subset of the first and 
Second groups of intermediate values with the first Set 
of predetermined constants, and, 

a shift register for shifting a Second Subset of the first and 
Second groups of intermediate values. 

20. The system of claim 19, wherein the first set of 
predetermined constants comprises at least one of 1, 2CoS 
(L/4), and their multiplicative inverses. 

21. The system of claim 16, wherein the fourth processor 
comprises at least one component performing arithmetic/ 
logical functions. 

22. The system of claim 16, wherein the fifth processor 
comprises: 

a multiplier for multiplying a first Subset of the input 
components and the first, Second, third, and fourth 
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groups of intermediate values with the Second Set of 
predetermined constants, and, 

a shift register for shifting a Second Subset of the input 
components and the first, Second, third, and fourth 
groups of intermediate values. 

23. The system of claim 22, wherein the third set of 
predetermined constants comprises at least one of 1, 2CoS 
(L/4), and their multiplicative inverses. 

24. The system of claim 16, wherein the sixth processor 
comprises at least one component performing arithmetic/ 
logical functions. 

25. The system of claim 16, wherein the seventh processor 
comprises: 

a multiplier for multiplying a first Subset of the first, 
Second, third, fourth, fifth, and Sixth groups of inter 
mediate values with the fourth set of predetermined 
constants, and, 

a shift register for shifting a Second Subset of the first, 
Second, third, fourth, fifth, and Sixth groups of inter 
mediate values. 

26. The system of claim 25, wherein the fourth set of 
predetermined constants comprises at least one of 1, 2CoS 
(1/8), 2Cos(371/8), and their multiplicative inverses. 

27. The system of claim 16, wherein the eighth processor 
comprises at least one component performing arithmetic/ 
logical functions. 

28. The system of claim 16, wherein the ninth processor 
comprises: 

a multiplier for multiplying a first Subset of the first, 
Second, third, fourth, fifth, Sixth, Seventh, and eighth 
groups of intermediate values with the fifth set of 
predetermined constants, and, 

a shift register for shifting a Second Subset of the first, 
Second, third, fourth, fifth, Sixth, Seventh, and eighth 
groups of intermediate values. 

29. The system of claim 28, wherein the fifth set of 
predetermined constants comprises at least one of 1, 7/8, 
1/4Cos(1/8), 1/2Cos(L/4), and their multiplicative inverses. 

30. A System for performing data compression in a digital 
Video encoder, wherein the discrete cosine transform and 
weighting functions are combined, the System comprising: 

an input device for receiving eight input values, Io-I, 
representing pixel information of an image; 

a processor for performing the following determinations: 
receiving eight input values, Io-I7, representing pixel 

information of an image; 
determining a first intermediate value ao equal to Io-I-7, 
determining a first intermediate value a equal to I+I, 
determining a first intermediate value a equal to I+Is, 
determining a first intermediate value as equal to I+I, 
determining a first intermediate value a equal to Io-I-7, 
determining a first intermediate value as equal to I-I, 
determining a first intermediate value as equal to I-Is; 
determining a first intermediate value a, equal to I-I, 
determining a second intermediate value be equal to 

aloa, 
determining a Second intermediate 

a1a2. 
determining a Second intermediate 

aloa, 
determining a Second intermediate 

a1a2. 
determining a Second intermediate 

asha, 
determining a Second intermediate 

a 4-a-7, 

value b equal to 

value ba equal to 

value ba equal to 

value ba equal to 

value bs equal to 
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multiplying a by the constant 2CoS(L/4) to obtain a 
third intermediate value co: 

multiplying as by the constant 2CoS(L/4) to obtain a 
third intermediate value c. 

determining a fourth intermediate value do equal to 
b+b, 

determining a fourth intermediate value d equal to 
co+b, 

determining a fourth intermediate value d equal to 
c1+bs, 

determining a fourth intermediate value d equal to 
co-ba; 

determining a fourth intermediate value d equal to 
c-bs, 

multiplying b2 by the constant 2Cos(L/4) to obtain a 
fifth intermediate value eo; 

determining a sixth intermediate value f equal to 
bo-b; 

determining a sixth intermediate value f equal to 
bo-b; 

determining a sixth intermediate value f equal to 
eo+do, 

determining a sixth intermediate value f equal to 
eo-do, 

determining a sixth intermediate value f equal to 
d+d, 

determining a sixth intermediate value f equal to 
d3+d, 

multiplying d by the constant 2Cos(L/8) to obtain a 
Seventh intermediate value go, 

multiplying d by the constant 2Cos(371/8) to obtain a 
Seventh intermediate value g; 

determining a eighth intermediate value he equal to 
got-fi: 

determining a eighth intermediate value h equal to 
go-fi: 

determining a eighth intermediate value he equal to 
g1+fs; 

determining a eighth intermediate value his equal to 
g1-fs; 

multiplying f by the constant 7/8 to obtain an output 
O; 

shifting f to obtain an output O, 
multiplying hoby the constant 1/4CoS(L/8) to obtain an 

output O; 
multiplyingh by the constant 1/2CoS(L/4) to obtain an 

output O; and, 
an output device for Supplying outputs O-O, f, f, h, 

and ha, to an output terminal as weighted, compressed 
digital representations of an image. 

31. A method for performing data decompression in a 
digital Video decoder, wherein the inverse discrete cosine 
transform and weighting functions are combined, the 
method comprising the Steps performed by a processor of 

receiving a plurality of input components representing 
weighted, compressed digital representations of an 
image, 

determining a first group of intermediate values by com 
bining Selected input components with a first Set of 
predetermined constants, each predetermined constant 
being a function of discrete cosine coefficients and 
digital Video weighting constants, 

determining a Second group of intermediate values by 
combining a first Subset of the input components and 
the first group of intermediate values, 

determining a third group of intermediate values by 
combining a Second Subset of the input components and 
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the first and Second groups of intermediate values with 
a Second set of predetermined constants, each prede 
termined constant being a function of discrete cosine 
coefficients and digital video weighting constants, 

determining a fourth group of intermediate values by 
combining a third Subset of the input components and 
the first, Second, and third groups of intermediate 
values, 

determining a fifth group of intermediate values by com 
bining a fourth Subset of the input components and the 
first, Second, third, and fourth groups of intermediate 
values, 

determining a sixth group of intermediate values by 
combining a fifth Subset of the input components and 
the first, Second, third, fourth, and fifth groups of 
intermediate values with a third set of predetermined 
constants, each predetermined constant being a func 
tion of discrete cosine coefficients and digital Video 
weighting constants, 

determining a Seventh group of intermediate values by 
combining a sixth Subset of the input components and 
the first, Second, third, fourth, fifth, and Sixth groups of 
intermediate values, 

determining output components by combining a Seventh 
Subset of the input components and the first, Second, 
third, fourth, fifth, Sixth, and Seventh group of inter 
mediate values, and, 

Supplying output components decompressed pixel infor 
mation of an image. 

32. The method of claim 31, wherein the step of deter 
mining a first group of intermediate values comprises the 
Steps of 

multiplying a first Subset of input components with the 
first Set of predetermined constants, and, 

shifting a Second Subset of input components. 
33. The method of claim 32, wherein the first set of 

predetermined constants comprises at least one of 1, 8/7, 
Cos(T/8), 2Cos(L/4) and their multiples. 

34. The method of claim 31, wherein the step of deter 
mining a Second group of intermediate values comprises the 
Step of combining using an arithmetic function. 

35. The method of claim 31, wherein the step of deter 
mining a third group of intermediate values comprises the 
Steps of 

multiplying a first Subset of the input components and the 
first and Second groups of intermediate values with the 
Second Set of predetermined constants, and, 

shifting a Second Subset of the input components and the 
first and Second groups of intermediate values. 

36. The method of claim 35, wherein the second set of 
predetermined constants comprises at least one of 1, Cos(C/ 
4), 2Cos(371/8).Cos(L/4), 2Cos(1/8)Cos(1/4) and their mul 
tiples. 

37. The method of claim 31, wherein the step of deter 
mining a fourth group of intermediate values comprises the 
Step of combining using an arithmetic function. 

38. The method of claim 31, wherein the step of deter 
mining a fifth group of intermediate values comprises the 
Step of combining using an arithmetic function. 

39. The method of claim 31, wherein the step of deter 
mining a sixth group of intermediate values comprises the 
Steps of 

multiplying a first Subset of the input components and the 
first, Second, third, fourth, and fifth groups of interme 
diate values with the third set of predetermined con 
Stants, and, 
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shifting a Second Subset of the input components and the 
first, Second, third, fourth, and fifth groups of interme 
diate values. 

40. The method of claim 39, wherein the third set of 
predetermined constants comprises at least one of 1, CoS(L/ 
4), 1/Cos(L/4) and their multiples. 

41. The method of claim 31, wherein the step of deter 
mining a Seventh group of intermediate values comprises the 
Step of combining using an arithmetic function. 

42. The method of claim 31, wherein the step of deter 
mining output components comprises the Step of combining 
using an arithmetic function. 

43. A method for performing data decompression in a 
digital Video decoder, wherein the inverse discrete cosine 
transform and weighting functions are combined, the 
method comprising the Steps performed by a processor of 

receiving eight input values I-I, representing weighted, 
compressed digital representations of an image; 

determining a first intermediate value ao equal to I by the 
constant 8/7; 

determining a first intermediate value a by shifting I, 
determining a first intermediate value a by multiplying I 
by the constant 4Cos(L/8); 

determining a first intermediate value a by multiplying I 
by the constant 2Cos(L/4); 

determining a 
Io+ao, 

Second intermediate value bo equal to 

determining a Second intermediate value to 
Io-ao, 

equal 

determining a Second intermediate value to equal 

determining a Second intermediate value to 
a 1-6, 

equal 

determining a Second intermediate value to 
a2+I7, 

determining a 
a 2-17, 

equal 

Second intermediate value equal to 

determining a Second intermediate value to equal 

determining a Second intermediate to 
aa-Is, 

determining a third intermediate value co by multiplying 
b by the constant Cos(L/4); 

determining a third intermediate value c. by multiplying 
b by the constant 2Cos(371/8)Cos(L/4); 

determining a third intermediate value c. by multiplying 
be by the constant 2Cos(1/8)Cos(L/4); 

determining a fourth intermediate value do equal to b-co; 
determining a fourth intermediate value dequal to bs-c; 
determining a fourth intermediate value dequal to b4-c; 
determining a fifth intermediate value eo equal to bo-co, 
determining a fifth intermediate value e equal to b+do, 
determining a fifth intermediate value ea equal to bo-co, 
determining a fifth intermediate value ea equal to b-do, 
determining a fifth intermediate value ea equal to c+c, 
determining a fifth intermediate value es equal to d+d; 
determining a fifth intermediate value ee equal to c-ca, 
determining a fifth intermediate value e, equal to d-d; 
determining a sixth intermediate value f by multiplying 

e by the constant CoS(L/4); 
determining a sixth intermediate value f by multiplying 

es by the constant CoS(L/4); 

value b, equal 
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22 
determining a Seventh intermediate value go equal to 

es-f; 
determining a seventh intermediate value g equal to 

e.7-fo, 
determining an output Oo equal to 
determining an output O equal to 
determining an output O equal to 
determining an output Os equal to 
determining an output O equal to 
determining an output Os equal to 
determining an output Oc equal to e-f; 
determining an output O, equal to eo-fo, and, 
Supplying outputS Oo through O-7 decompressed pixel 

information of an image. 
44. A data decompression System for performing data 

decompression in a digital Video decoder, wherein the 
inverse discrete cosine transform and weighting functions 
are combined, the System comprising: 

an input device for receiving a plurality of input compo 
nents representing weighted, compressed digital repre 
Sentations of an image; 

a first processor for determining a first group of interme 
diate values by combining Selected input components 
with a first Set of predetermined constants, each pre 
determined constant being a function of discrete cosine 
coefficients and digital video weighting constants, 

a Second processor for determining a Second group of 
intermediate values by combining a first Subset of the 
input components and the first group of intermediate 
values, 

a third processor for determining a third group of inter 
mediate values by combining a Second Subset of the 
input components and the first and Second groups of 
intermediate values with a Second Set of predetermined 
constants, each predetermined constant being a func 
tion of discrete cosine coefficients and digital Video 
weighting constants, 

a fourth processor for determining a fourth group of 
intermediate values by combining a third subset of the 
input components and the first, Second, and third 
groups of intermediate values, 

a fifth processor for determining a fifth group of interme 
diate values by combining a fourth Subset of the input 
components and the first, Second, third, and fourth 
groups of intermediate values, 

a sixth processor for determining a sixth group of inter 
mediate values by combining a fifth subset of the input 
components and the first, Second, third, fourth, and fifth 
groups of intermediate values with a third set of pre 
determined constants, each predetermined constant 
being a function of discrete cosine coefficients and 
digital Video weighting constants, 

a Seventh processor for determining a Seventh group of 
intermediate values by combining a Sixth Subset of the 
input components and the first, Second, third, fourth, 
fifth, and Sixth groups of intermediate values, 

an eighth processor for determining output components 
by combining a Seventh Subset of the input components 
and the first, Second, third, fourth, fifth, Sixth, and 
Seventh groups of intermediate values, and, 

an output device for Supplying the output components 
decompressed pixel information of an image. 

45. The system of claim 44, wherein the first processor 
comprises: 
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multiplying a first Subset of input components with the 
first Set of predetermined constants, and, 

shifting a Second Subset of input components. 
46. The system of claim 45, wherein the first set of 

predetermined constants comprises at least one of 1, 8/7, 
4Cos(L/8), 2Cos(L/4) and their multiples. 

47. The system of claim 44, wherein the second processor 
comprises a processor for combining using an arithmetic 
function. 

48. The system of claim 44, wherein the third processor 
comprises: 

a processor for multiplying a first Subset of the input 
components and the first and Second groups of inter 
mediate values with the Second Set of predetermined 
constants, and, 

a shift register for Shifting a Second Subset of the input 
components and the first and Second groups of inter 
mediate values. 

49. The system of claim 48, wherein the second set of 
predetermined constants comprises at least one of 1, CoS(L/ 
4), 2Cos(371/8).Cos(L/4), 2Cos(1/8)Cos(1/4) and their mul 
tiples. 

50. The system of claim 44, wherein the fourth processor 
comprises a processor for combining using an arithmetic 
function. 

51. The system of claim 44, wherein the fifth processor 
comprises a processor for combining using an arithmetic 
function. 

52. The system of claim 44, wherein the sixth processor 
for determining Sixth intermediate values comprises: 

a processor for multiplying a first Subset of the input 
components and the first, Second, third, fourth, and fifth 
groups of intermediate values with the third Set of 
predetermined constants, and, 

a shift register for Shifting a Second Subset of the input 
components and the first, Second, third, fourth, and fifth 
groups of intermediate values. 

53. The system of claim 44, wherein the third set of 
predetermined constants comprises at least one of 1, CoS(L/ 
4) and 1/Cos(L/4) and their multiples. 

54. The system of claim 44, wherein the seventh processor 
comprises a processor for combining using an arithmetic 
function. 

55. The system of claim 44, wherein the eighth processor 
comprises a processor for combining using an arithmetic 
function. 

56. A System for performing data decompression in a 
digital Video decoder, wherein the inverse discrete cosine 
transform and weighting functions are combined, the System 
comprising: 

an input device for receiving eight input values, Io-I, 
representing weighted, compressed digital representa 
tions of an image; 

a processor for performing the following determinations: 
determining a first intermediate value a by multiplying 

I by the constant 8/7; 
determining a first intermediate value a by shifting I, 
determining a first intermediate value a by multiplying 

I by the constant 4Cos(1/8); 
determining a first intermediate value a by multiplying 

I by the constant 2Cos(1/4); 
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24 
determining a Second intermediate value bo equal to 

Iotao, 
determining a Second intermediate value b equal to 

Io-ao, 
determining a second intermediate value ba equal to 

a 1+I6, 
determining a Second intermediate value ba equal to 

a 1-6, 
determining a Second intermediate value ba equal to 

a2+I7, 
determining a Second intermediate value bs equal to 

a 2-17, 
determining a Second intermediate value be equal to 

a3+Is, 
determining a Second intermediate value b, equal to 

aa-Is, 
determining a third intermediate value co by multiply 

ing b2 by the constant Cos(L/4); 
determining a third intermediate value c. by multiply 

ing b by the constant 2Cos(3.1/8)Cos(L/4); 
determining a third intermediate value c. by multiply 

ing be by the constant 2Cos(T/8)Cos(L/4); 
determining a fourth intermediate value do equal to 

ba-co; 
determining a fourth intermediate value d equal to 

b5-c.1; 
determining a fourth intermediate value d equal to 

b7-c2, 
determining a fifth intermediate value eo equal to 

bot-co; 
determining a fifth intermediate value e equal to 
b+do, 

determining a fifth intermediate value ea equal to 
bo-co, 

determining a fifth intermediate value ea equal to 
b-do, 

determining a fifth intermediate value ea equal to c+c, 
determining a fifth intermediate value es equal to 
d+d, 

determining a fifth intermediate value ee equal to c-ca, 
determining a fifth intermediate value et, equal to 
d-d2, 

determining a sixth intermediate value f by multiply 
ing ea by the constant Cos(L/4); 

determining a sixth intermediate value f by multiply 
inges by the constant Cos(L/4); 

determining a Seventh intermediate value go equal to 
e6-f; 

determining a Seventh intermediate value g equal to 
e 7-fo, 

determining an output Oo equal to eo-fo, 
determining an output O equal to e+f; 
determining an output O2 equal to ea-go; 
determining an output Os equal to e2+g; 
determining an output O equal to e2-g; 
determining an output Os equal to ea-go; 
determining an output Oc equal to e-f; 
determining an output O, equal to eo-fo, and, 

Supplying outputs, Oo-O-7, decompressed pixel informa 
tion of an image. 
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